introduction of a zinc-and lead-bearing basinal brine characterized by strontium isotope ratios slightly higher than contemporaneous seawater and highly radiogenic lead, is favored. The association of the orebodies with peritidal facies with abundant sulfate molds is important evidence favoring the existence of two separate reservoirs for sulfur and metals. Leaching of detrital material derived from Precambrian upper crust from the Brazilian Shield would explain both strontium and lead isotope ratios.
The evolutionary style of the eastern Pucar/t basin is more similar to that of carbonate platforms in pericratonic areas than to that of other Mesozoic Andean basins, which are often influenced by arc-related volcanism. The main similarities include rapid subsidence rates (probably favored by extensional block tectonics), the predominant carbonate sedimentation with extensive peritidal deposition and dolomite formation, and the location at the margin of an emerged continent.
Strata-Bound Ore Deposits in the Pucarfi Group Different types of strata-bound ore deposits occur in sedimentary rocks of the Pucarfi Group (Dunin, 1975; Kobe, 1977 Kobe, , 1982 Dalheimer, 1990; ). In the western part of the basin volcanogenic and exhalative factors appear to predominate. This applies to the Zn-Pb(-Ag-Cu) deposits, in part with massive sulfide parageneses, located near the base of the Pucarfi Group in sequences with significant volcanic and/or volcaniclastic intercalations (e.g., Carahuacra, Huaripampa, and Manto Katy).
In the eastern part of the Pucarft basin Mississippi Valley-type ore deposits prevail. The San Vicente and Shalipayco Zn-Pb deposits are the more important ones, but additional Zn-Pb-(F-Ba) occurrences and prospects are known along a north-south belt at least 200 km long (Fig. 1) . They include undeveloped ore occurrences near Chaglla (lat 9o50 ' S, long 75o48 ' W, about 90 km north of Oxapampa), Oxapampa, Tambo Maria, and the Ulcumayo and Pichita Caluga mines, and several ore showings south of San Vicente (Fig. 1) Three intrusive units are distinguished. The San Ram6n (or La Merced) batholith occurs at the eastern part of the studied area (Fig. 4) West of San Vicente a highly tectonized whitish biotite and hornblende granodiorite (Utcuyacu granodiorite) overthrusts the Pucar•t Group. This fault contact dips between 20 ø and 40 ø W and can be followed north-south for several kilometers (Fig. 4) . The Utcuyacu granodiorite (in the mine reports also called "Tarma granite") was reported to intrude the Pucar•t rocks (Levin, 1975 Gabbroid and dioritic rocks represent the third intrusive unit in the area. Gabbroid rocks are reported north of the Tarma River in contact with the Utcuyacu granodiorite (Capdevila et al., 1977 (Schulz, 1971; Levin, 1974) . The Red Sandstone immediately below the carbonate sequence should, therefore, be considered as part of the Pucar•t Group. It could also be considered to be an interdigitation of the Lower Sarayaquillo Formation. Thus the contact between the Mitu and Pucar5 groups would be located below this lithologic change, perhaps between the conglomerate level and the overlying red sandstone.
The carbonate sequence in the San Vicente mining area is up to 1,300 m thick and extends from Norian to Hettangian (Fig. 6) . It strikes N 10 ø W and dips between 30 ø and 45 ø E (Fig. 7) . The following lithologic units have been distinguished (the standardized stratigraphic heights used in Figure 6 and in all the The San Judas Dolomite (SJD, 442-723m): This dolomite consists mainly of medium to coarsely crystalline dolomite. This is the first of three ore-bearing massive dolomite units displaying very similar petrographic and geochemical properties. It is characterized by the presence of abundant diagenetic crystallization rhythmites (formed by crystallization during diagenesis), geodelike textures, hydraulic breccias, diagenetic veinlets, and, in general, fabrics with megascopically distinguishable diagenetic crystallization generations. Despite the strong crystallization the original depositional fabric can often be recognized in thin section using the "light diffusor" described by Delgado (1977) Levin (1975) and Prinz (1985b (Figs. 5 and 8 ). The present study has shown that these three dolomite units were deposited in a peritidal platform comprising (1) the inner margin of the lagoon (tidal fiat subenvironment) with partly preevaporitic conditions, (2) the lagoon sensu stricto, and (3) the outer margin of the lagoon (barrier subenvironment).
The barrier subenvironment predominates and is represented by completely dolomitized oolitic packstones and grainstones. The identification of these fa- (Fig. 10b and h ) and evaporite molds ( Fig. 1 l a-d 
Ore Textures and Structures
Rhythmic structures A large part of the San Vicente ore displays a characteristic rhythmic banding ( Fig. 10a-h ). It is locally known as "estructuras cebra." These structures are comparable to fabrics observed in numerous carbonate-hosted ore deposits and also in dolomitic rocks not directly associated with ore deposits. They are generally referred to as "zebra ore" or "zebra rock," but many other local names are also used (e.g., "coontail" ore in southern Illinois; "franciscana" in southern Spain; and "mineral rubann•" in the French literature). Because the rhythmicity is basically not inherited from an original sedimentary rhythmicity but rather created by a process of crystallization and recrystallization, often during diagenesis, the terms "crystallization rhythmite" and "diagenetic crystallization rhythmite (DCR)" have been proposed Fontbot• and Amstutz, 1983) .
The term diagenesis includes late diagenesis, i.e., processes taking place under considerable burial. In fact, diagenetic crystallization rhythmites appear to be in most cases a product of burial diagenesis. In earlier stages of the investigation ( Crystallization rhythmites can also be produced by processes other than burial diagenesis and in other than sedimentary environments. For example, similar rhythmic banded structures are also produced by metamorphic or magmatic crystallization and recrystallization.
In the diagenetic crystallization rhythmites from San Vicente and other localities it is possible to recognize two or three consecutive crystallization generations megascopically. On the basis of geometric criteria the following three generations are distinguished, with dolomite, sphalerite, and galena as the main minerals (see also Fig. 10e-h and Table 2 ).
Generation I: This generation is a dark, fine-to medium-grained aggregate of dolomite with or without sphalerite with numerous disseminated opaque inclusions (mainly organic carbon, subordinate pyrite) within and between the grains. The small grain size and the abundant opaque inclusions yield dark colors even in the cases in which this generation consists of dolomite. Although generation I is essentially a recrystallization product, relict primary depositional features like oolitic grainstone fabric (Fig. 9b) or cryptalgal lamination (Fig. 10b) Figure 10b , c, and h, it can be seen that generation II sphalerite is better developed above than below the bands of generation I. Several subgenerations are often observed (Fig. 10b ). Generation III: This generation consists of the remaining central space or its xenomorphous filling, which is coarse-or very coarse grained dolomite or galena ( Fig. 10e and f) . Occasionally it consists of calcite or massive bitumen (Fig. 9a) . The contact between generations II and III does not show dissolution features and is sharp in detail (Fig. 10f) . The antipolar crystals of generation II are often in direct contact and then generation III is missing.
Inasmuch as these generations are distinguished using geometric criteria, a strict time correlation between different parts of the deposit may not be correct but constitutes a first approximation.
Diagenetic crystallization rhythmites consisting of dolomite also occur in ore-free parts of the San Judas, Various fabrics indicate an overpressure regime during crystallization from the ore fluid. Among these are hydraulic breccias, upward veins, and tepeelike structures. Several parts of the San Vicente Dolomite have hydraulic breccias with fragments of dark fineto medium-grained dolomite rimmed by subhedral coarsely crystalline dolomite (Fig. 14e and f) . The breccia matrix consists of sparry dolomite and often contains spots of massive bitumen in geodelike cavities. Brecciated ore fragments occur in a few places, but ore minerals generally do not crystallize in the matrix of the breccia. The hydraulic breccias are considered to have originated through breaking and dissolution of dolomite under overpressure conditions. This is supported by their frequent occurrence in horizons parallel to the bedding and by their association with crosscutting veins produced by escaping solutions. The prevailing overpressure regime is clearly documented in Figure 14b , which shows one such crosscutting vein above a breccia horizon located under a layer of dark dolomite. In places, crosscutting veins break dolomite layers producing tepeelike structures that are always oriented upward ( Fig. 14c  and d) .
The former presence of evaporite minerals is well documented in several parts of San Vicente, especially in manto 3t (Table 1) clusions in sphalerite (Fig. 9f) Sphalerite occurs in generations ! and II. In the first one it is fine grained and intergrown with dolomite. Sphalerite of generation I! is coarsely crystalline, often displaying several subgenerations, the last of which is often pale yellow. Microprobe analyses indicate that generation ! sphalerite contains around 1 to 2 percent Fe. Profiles across generation I! sphalerite show numerous peaks of high iron content (up to 5 and 6% Fe) separated by low values. The last pale sphalerite is virtually iron free. Colloform sphalerite is seen in places (Fig. 9c) .
The greatest amount of galena occur• in generation III (Fig. 10e and f) . A small amount is contained as intergranular space fillings in prior generations (Fig.  9e) . Galena is usually much less abundant than sphalerite (avg Zn/Pb grades about 12/0.8); however, there are layers in which galena is more abundant than sphalerite. In these layers galena generally crystallizes before the largest part of sphalerite. Calcite, which is occasionally present, crystallizes in generation III.
The paragenetic sequence of the diagenetic crystallization rhythmites can usually be applied to other ore structures. Features indicating dissolution of previously formed ore minerals are observed but are infrequent (Fig. 10c) . However, dolomite dissolution is widespread, especially in hydraulic breccias (Fig. 14b,  e, and f) . The paragenetic position of sphalerite and galena is clearly between the finely to medium crystalline dolomite of generation ! and the coarsely crystalline dolomite of generation III. In places, especially in nonrhythmite structures, partial repetitions of the paragenetic sequence are recognized (between dolomite II and sphalerite II, but never with galena; Fig.  9c and d In Table 3 A petrographic description of the specimens analyzed is given in Table 6 . The trace element contents are given in Table 7 . The selected specimens include the main facies, both ore and nonore bearing.
The geochemical characterization includes AAS analyses for Fe, Mn, Zn, Cu, Pb, Na, Rb, and Sr. For this purpose samples were treated with cold NaC1 (1N) in order to avoid sulfide dissolution.
2 For most specimens two or more subsequent crystallization generations were analyzed separately. For this reason the number of analyzed samples in Table 7 largely exceeds that of specimens listed in Table 6 . Dolomite samples from the ore-bearing horizons have a relatively high Mn content, which is consistent with the XRF and AAS analyses of whole-rock sampies. In Table 3 note that the sample preparation and some of the analysis methods are different from those in Table 7 , therefore a direct comparison of the results is not possible.
The strontium and rubidium contents of generation I lie in the range expected for dolomitic rocks (Wedepohl, 1974). It appears that, with some exceptions, Sr, Rb, and Na contents are generally lower in dolomites of generation I than in corresponding dolomites of generation II. 
Results and discussion: The results of the S7Sr/S6Sr
analyses on carbonate samples are given in Table 7 , those of sphalerite and galena are contained in Table  8 , and all results are plotted in Figure 16 .
Among the representative host-rock specimens, two limestones and four dolostones from different positions in the stratigraphic sequence were analyzed.
The S7Sr/S6Sr ratios are remarkably similar for all Material of generation I (generally dark fine-crystalline dolomite) and generation II (white coarsecrystalline dolomite) was analyzed separately for orefree diagenetic crystallization rhythmites and related textures. The results lie in the same range as those for the host rocks. However, dolomite of generation II is always slightly more radiogenic than dolomite of generation I of the same sample (Fig. 16) . In the orebearing diagenetic crystallization rhythmites the do- Table 6 for abbreviations lomite of generation II is generally also slightly more radiogenic than that of generation I (Fig. 16) . The last set of samples comprises sulfide minerals (Table 8) In addition there is a facies dependence of the strontium isotopes. Samples from lagoonal or tidal flat facies have generally lower strontium isotope ratios than samples from the oolitic barrier (Fig. 18) . This was previously interpreted in terms of different mixing ratios between the radiogenic intraformational fluid and ocean water in relatively early stages of aliagenesis, depending on the facies position (Fontbot6 and Gorzawski, 1988). However, this hypothesis must be rejected because the minerals appear to have crystallized under burial exceeding 2 km. The reason for the facies dependence of the strontium isotope ratios should therefore be sought in the lithologic characteristics of the implicated facies. A theoretical possibility would be that the more radiogenic samples contain more Rb-bearing clay minerals. This idea can be discarded because the oolitic grainstones of the barrier facies, characterized by more radiogenic values, are virtually free of clay minerals. A better explanation is that the facies dependence of the strontium isotope values is due to a higher brine/host-rock ratio in the more porous oolitic grainstones of the barrier facies than in the less porous fine-grained facies in the lagoon and tidal fiat.
Oxygen and carbon isotopes
Analytical methods: The carbonate samples used for strontium isotope studies were also analyzed for carbon and oxygen isotopes. Carbon dioxide was evolved from powdered samples by reaction with 100 percent phosphoric acid at 25øC according to the procedure described by McCrea (1950) and analyzed on a modified Varian MAT CH5 mass spectrometer equipped with a double inlet and two collector systems. Standard correction procedures were employed (Craig, 1957 ), but no correction was applied for the possible differences of the fractionation factor between phosphoric acid and calcite or dolomite (Sharma and Clayton, 1965 The diagram for the carbon isotope compositions (Fig. 20) Table 7 . m2 --manto 2; m3p --manto 3 piso; m3t = manto 3 techo; ma = manto Ayala; svs = San Vicente south; ch = Chilpes; tu = Uncush tunnel. • (Fig. 23) , should be expected (Fontbot• et al., 1990b) . Gunnesch et al. (1990) have also measured the lead isotope composition of host-rock carbonates in the San Vicente sequence without directly associated orebodies. The lead in these carbonates is significantly less radiogenic than the lead in the ore samples, thus indicating different sources. This observation is consistent with the strontium isotope results which reveal an input from brines that were slightly enriched in radiogenic strontium. The San Vicente lead isotope data taken as a group are much more radiogenic than data for other Andean ore deposits (Fig. 23) , but within the group they display a significant scatter. This could point to mixing between a Precambrian radiogenic component and another less radiogenic component, as suggested for the Viburnum Trend by Crocetti et al. (1988) .
Conclusions
The diagenetic evolution of the San Vicente ore deposit has been traced combining petrographic and isotopic data. Significant isotopic trends were found and physicochemical constraints concerning the genesis of the deposit were derived.
The The range of oxygen and carbon isotope ratios in carbonates is very narrow. However, a clear trend to lighter isotope ratios in the late crystallization generations is recognized. This isotopic shift is regarded in terms of an evolving ore-forming fluid which changed its composition slowly but continuously during crystallization under conditions of burial diagenesis and steadily increasing temperature. The composition of this fluid is mainly determined by the mixing ratios with the host rock as well as by the introduction of a basinal brine. Subordinate incorporation of light organic carbon is possible. In situ meteoric influence can be ruled out since sharper changes would be expected.
It can be concluded that the San Vicente lead-zinc deposit formed during late stages of diagenesis under considerable burial by the introduction of a zinc-and lead-bearing basinal brine characterized by strontium isotope ratios slightly higher than contemporaneous seawater and highly radiogenic lead isotope ratios. The temperatures indicated by sulfur isotope geo-thermometry, and also supported by preliminary fluid inclusion data, would be consistent with temperatures attained through the normal geothermal gradient at a burial depth of about 2 to 3 km by the end of the Jurassic period. A burial depth of about 2 to 3 km would also be consistent with conditions required for oil generation. This process is necessary to explain the deposition of massive bitumen in generation III. The oil generation could either take place close to the ore deposit, because the host rocks are rich in dispersed organic matter (the Bituminous Silty Limestone has been identified as an oil source rock), or hydrocarbons could be introduced by a basinal brine.
The genetic model of San Vicente is envisaged essentially as a single-stage event characterized by a progressive ore fluid evolution. For discussion purposes, the existence of two fluids can be considered: a fluid at the site of the ore deposit, from which the ore and gangue minerals precipitate, and an infiuxing basinal brine. Whereas the composition of the basinal brine can be considered to be relatively constant or to change only slowly, the composition of the fluid at the depositional site changes locally depending on 1. During the process of ore formation the strontium isotopes became progressively more radiogenic. This was due essentially to higher brine/host-rock ratios in the last generations. In addition, the strontium of the basinal brine became increasingly more radiogenic during basin evolution due to progressive leaching of rubidium-bearing silicates.
2. The stable isotopes (C and O) precipitating from the fluid became progressively slightly lighter. This trend results from a combination of temperature effects, different mixing fluid/host ratios, and incorporation of organic carbon, even without considering the otherwise probable influence of the input of the basinal brine. 
